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Abstract 
In this paper, flow and heat transfer characteristics are presented for U-shaped channel with 90 deg ribs that is as 
internal cooling passage of turbine blades. The influence of the U-shaped turning bend and rotation on the flow and 
heat transfer in the channel was investigated in three cases. In the present model, the 90 deg parallel ribs are placed 
on rotating trailing surfaces. The Reynolds number is fixed at  12500 and the corresponding rotation number varies 
from 0.2-1. The rib height to hydraulic diameter ratio is 0.096 and the rib pitch-to-height ratio is 10. Stationary case 
and several rotating cases were investigated. Analysis of the numerical results leads to the following conclusions: 
Periodic distributions of flow and heat transfer coefficient are observed in all of the cases. Obvious secondary flow 
and heat transfer enhancement are observed in the turning bend area and the heat transfer rate in the second pass is 
significantly higher than those in the first pass. For the rotational cases, the effect of rotation on the heat transfer 
enhancement is complicated according to different rotating surfaces and pass number. The average Nusselt number 
ratio of the whole channel is increased significantly due to the effect of rotation. 
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1. Main text  
In order to obtain a larger capacity and higher cycle effic iency for a gas turbine cycle, increasing the 
turbine inlet temperature is the most useful approach. However, higher in let temperature results in higher 
heat loads on the turbine blade which will threaten the safety of gas turbine blade hot components. As a 
result, it  is quite essential to develop advanced and effective cooling technology for turbine b lade. Among 
these techniques, rib tabulator is one of the most common cooling approaches in internal passages. Han [1] 
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conducted lots of works in  this area and demonstrated a schematic diagram of typical techniques for 
turbine blade cooling process which is presented in figure 1. Since the early 1970s, heat transfer 
performance of coolant passages with ribs has been actively investigated. Researches on the heat transfer 
of ribs mainly focused on the effect of Reynolds number, rib height, rib spacing and rib configuration . 
In real gas turbine blade internal cooling passages, U-shaped channel with a 180 degree sharp bend is 
more common and complex than straight cooling channel. Ekkad and Han [2] investigated the heat 
transfer characteristics in a two-pass channel with rib turbulators. They considered the effect of secondary 
flow induced by ribs and 180 degree bend. Lin  et al [3] conducted both experimental and nume rical 
investigation on internal cooling passages by RANS method using a shear stress transport (SST) 
turbulence model. In addit ion, turbine rotor b lades are operating at rotational situation which generates the 
rotation Coriolis forces. Under the effect of rotation, the flow situation near the rotation trailing surface 
and leading surface will present stabilization and destabilizat ion with specific rotation number. In this 
paper, numerical calcu lations are conducted to investigate the flow and thermal perfo rmance near rib  
surface at different rotation numbers and evaluate the thermal performance. 
1.1. Numerical model 
As shown in Fig.1, the channel geometry which consists of aligned ribs on a heated surface is 
presented. Channel aspect ratio (AR) of the passage is  1 which is commonly seen in gas turbine internal 
passage with a 180 degree turning bend. The rib pitch to the hydraulic diameter ratio P/Dh=1 and the rib 
height to hydraulic diameter rat io h/Dh=0.1. A additional rib sector is located at the centre of the turning 
bend to enhance the heat transfer. After the mesh generation in ICEM software, a grid independency 
study is conducted resulting in a final mesh number of 1.7 million. Meshes near heated surface are made 
denser to satisfy the Y+≈1. All calculat ions are conducted in finite volume solver CFX. Boundary 
conditions include inlet velocity based on Reynolds number and outlet pressure of 1 atm. Constant heat 
flux is applied on the ribbed surface and its opposite surface. The turbulence model is adopted using the 
SST k-w turbulence model. Th is model is validated to be a suitable one to simulate the flow and heat 
transfer pattern above ribbed surface. For the rotational orientation, the rotation axis is located at the 
centerline o f channel in let section. Different rotation speed and rotation direction are important factor for 
the rotational Corio lis force and induce different flow and thermal performance. Rotation factor Rob is 
used to express a none-dimensional rotation speed which is defined by Rob= (w*dh)/V where w, dh and V 
indicate rotating angular speed, hydraulic diameter and channel inlet velocity respectively. The rotation 
direction means the ribbed surface is the rotating trailing surface in which case the heat transfer is 
enhanced under the Coriolis force. 
 
 
Fig. 1. numerical model of the channel 
1.2. Results and discussions 
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 By presenting the Nu/Nu0 ratio of the ribbed surface in Fig. 2, the heat transfer enhancement ratio of 
each case is evaluated. Observing the stationary case, rib s tructure enhances the heat transfer rate above 
the ribbed surface and the area downstream the rib where flow reattachment occurs. The effect of turning 
bend is also conspicuous which significantly enhance the heat transfer in the bend area and the segment 
just after the bend. These heat transfer enhancements are all due to the flow separation and reattachment 
by the rib structure and the 180 degree turning bend. 
The rotation Corio lis force also affects the heat transfer behavior. Because heat transfer of the heated 
surface in the first pass is strengthened by the rotation and the regularity is shown in the figure below. On 
the contrary, heat rate in  the second pass is weakened because of a different effect of rotational force. For 
the rotating leading surface, the regulation is reversed which is not presented here due to the limited 
length of the paper. 
 
 
(a) Rob=0 
 
(b) Rob=0.2                                                                                      (c) Rob=0.5 
 
(d) Rob=0.8                                                                                      (e) Rob=0.97 
Fig. 2. Nu/Nu0 contour on the ribbed surface at each case 
In order to evaluate the heat transfer and pressure penalty qualitatively, average Nu/Nu0 and ƸP of 
the channel are plotted in Fig.3. From the figure, we can obtain that the effect of rotation on the average 
temperature is complicated and differs from leading surface and trailing surface. If the Rob is smaller than 
0.4, the rotation will enhance the heat transfer fo r the trailing  surface and heat transfer is enhanced for 
leading surface at any rotation.  While the rotation number is higher than 0.4, the heat transfer for the 
trailing surface is reversed. The effect of rotation is more explicit. Under the largest rotational factor, the 
maximum Nu/Nu0 can reach up to   while the pressure loss also reaches up to 517.6Pa. 
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Fig. 3. Average temperature and pressure penalty for each case 
1.3. Conclusions 
 The flow separation and reattachment cause the heat transfer enhancement near the ribbed surface. 
Ribbed structure enhances the heat transfer rate in the heated surface to a large extent. Under the effect of 
rotation, the rotation Corliolis force strengthens the turbulent flow in  the rotating trailing surface. But due 
to a different effect of rotating force, the effect of rotation on heat transfer is complicated  which is 
presented in the main text in detail. Accompanying the heat transfer enhancement, channel in rotating 
condition also generates a large pressure penalty. 
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